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PREFACE 

c 

. .. . . .. 

H e a t  P ipe  Technology is a cont inuing  b ib l iog raph ic  
summary of r e sea rch  on heat  p ipes .  The f i r s t  volume 
w a s  publ ished i n  t h e  Spring of 1 9 7 1  and i s  cumulative 
through March of  t h a t  year .  The 1 9 7 1 ,  1 9 7 2 ,  1973 and 
1 9 7 4  Annual Supplements as w e l l  as t h e  1975 and 1 9 7 6  
Q u a r t e r l y  Update S e r i e s  have been publ ished and d i s t r i -  
buted. Addi t iona l  copies  a r e  a v a i l a b l e  from t h e  Tech- 
nology Appl ica t ion  Center.  

Th i s  update t o  H e a t  Pipe Technology c i tes  t h e  a d d i t i o n a l  
r e fe rences  i d e n t i f i e d  during January,  February and March 
of 1 9 7 7 .  
in tended t o  provide "cur ren t  awareness" t o  hea t  p ipe  
r e s e a r c h e r s .  

- - 1. 

It i s  t h e  f i r s t  of t h e  1977 q u a r t e r l y  series 

- 
I, 

A l i b r a r y  con ta in ing  e s s e n t i a l l y  a l l  of t h e  a r t i c l e s  
and p u b l i c a t i o n s  referenced i n  t h i s  update,  and i n  a l l  
t h e  previous volumes i s  maintained a t  TAC. Although 
a cons iderable  e f f o r t  has been made t o  i n s u r e  t h a t  t h e  
b ib l iography i s  complete, r eade r s  are encouraged t o  b r ing  
any omissions t o  t h e  a t t e n t i o n  of t h i s  o f f i c e .  

- 
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GUIDE TO USE OF THIS PUBLICATION 

A number of f e a t u r e s  have been i n c o r p o r a t e d  t o  help t h e  
reader use t h i s  document. They c o n s i s t  o f :  

-- A TABLE OF CONTENTS l i s t i n g  g e n e r a l  categories of 
subject c o n t e n t  and indexes.  
by s u b j e c t  t i t l e /keyword  and a u t h o r  i s  a v a i l a b l e .  
through t h e  a p p r o p r i a t e  index  . 

More s p e c i f i c  coverage 

-- CITATION NUMBERS ass igned  t o  each  r e f e r e n c e .  These 
numbers, w i th  t h e  p r e f i x  omi t ted ,  are used i n s t e a d  
of page numbers t o  i d e n t i f y  r e f e r e n c e s  i n  t h e  v a r i o u s  
indexes.  They are a l s o  used a s  TAC i d e n t i f i e r  numbers 
when d e a l i n g  w i t h  document o r d e r s :  so p l e a s e  use  t h e  
e n t i r e  ( p r e f i x  i n c l u d e d )  c i t a t i o n  number when corres- 
ponding wi th  TAC r ega rd ing  a r e f e r e n c e .  An open ended 
numbering system f a c i l i t a t e s  easy  i n c o r p o r a t i o n  of s u b -  
sequent  updates  i n t o  the  o r q a n i z a t i o n  of t h e  m a t e r i a l .  
I n  t h i s  system, numbers a s s iqned  t o  new c i t a t i o n s  i n  - I .  each  ca t egory  w i l l  f o l l o w  d i r e c t l y  t h e  l a s t  a s s i g n s d  
numbers i n  t h e  p rev ious  p u b l i c a t i o n .  The c i t a t i o n  
number of t h e  last r e f e r e n c e  on each  page appears  on 
t h e  upper r ight-hand co rne r  of  t h a t  page t o  f a c i l i t a t e  
quick  l o c a t i o n  of a s p e c i f i c  t e r m .  

-- A REFERENCE FORMAT con ta in ing  t h e  TAC c i t a t i o n  number; 
t i t l e  of r e f e r e n c e ,  a u t h o r ,  c o r p o r a t e  a f f i l i a t i o n ,  - 
r e f e r e n c e  s o u r c e ,  c o n t r a c t  o r  g r a n t  number, a b s t r a c t  
and keywords. The r e fe rence  source  t e l l s ,  t o  t h e  best 
of our  knowledge-,'where t he  r e f e r e n c e  came from. I f  
from a p e r i o d i c a l ,  t h e  r e f e r e n c e  source  c o n t a i n s  t h e  
p e r i o d i c a l ' s  t i t l e ,  volume number, page number and d a t e .  
If for  a r e p o r t ,  t h e  reference source  c o n t a i n s  t he  re- 
p o r t  number a s s igned  by the i s s u i n g  agency, number of 
pages and d a t e .  

. .  

. 
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--An I N D E X  OF AUTHORS a l p h a b e t i z e d  by a u t h o r ' s  l a s t  
name. 
r e f e r e n c e ' s  c i t a t i o n  n u i i e r .  
each  a u t h o r  i s  l i s t e d  i n  t h e  index .  

A r e f e r e n c e ' s  a u t h o r  i s  fol lowed by t h e  
For m u l t i p l e  a u t h o r s ,  

--An INDEX OF PERMUTED TITLES/KEYWORDS a f f o r d s  access 
through major words i n  t h e  t i t l e  and through an  
a s s igned  s e t  of keywords f o r  each c i t a t i o n .  A r e f -  
erence's t i t l e  i s  followed by t h e  r e f e r e n c e ' s  c i t a -  
t i o n  number. 
t o  a r e f e r e n c e  a r e  permuted a l p h a b e t i c a l l y .  Thus, 
t h e  c i t a t i o n  number f o r  a r e f e r e n c e  appears  a s  many 
t i m e s  as t h e r e  a r e  ma jo r  t i t l e  words o r  keywords f o r  
t h a t  r e f e r e n c e .  
of an index page. The rest of t h e  t i t l e  o r  keywords 
appear a d j a c e n t  t o  a permuted word. 
or set  of keywords i s  allowed on ly  one  l i n e  p e r  per- 
muted word t h e  beginning, t h e  end, o r  both  ends of a 
t i t l e  or  s e t  of keywords may be  c u t  o f f ;  o r ,  i f  space  
permits, it w i l l  be cont inued  a t  t h e  o p p o s i t e  s i d e  of 
the page u n t i l  i t  runs  back i n t o  i t s e l f .  A # i n d i c a t e s  
t h e  end of a t i t l e  o r  set of  keywords whi le  a / i n d i -  
cates where a t i t l e  or se t  of keywords has  been c u t  
off w i t h i n  a l i n e .  

I n  t h e  indexes ,  a l l  t h e  words p e r t a i n i n g  

The permuted words run  down t h e  center  

S ince  a t i t l e  
- 

. 
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’ . 1, GEiiERAL INFORMATION, RNIEMS, S U R W S  

I RP77 10000 HEAT TRANSFER - A REVIEW OF 1975 LITERATURE 
, 

Eckert ,  Z.R.G., Sparrow, E.M., Goldstein,  Z.J., S c o t t ,  C . J . ,  Pfender,  E<, Patankar ,  S.V., 
Ramsey, J.W. , (Un ive r s i ty  o f  .?linnesota, Minneapolis. A%I) , In t e fna t iona l  Jou rna l  of Heat an6 
Mass Trans f s r ,  V 19:1217-1243, NOV 1976 

The paper surveys results t h a t  have bsen publ ished i n  va r ious  f i e l d s  of h e a t  t r a n s f e r  
du r ing  1975. 
fol lowing t o p i c s  are given conduction, channel f low, Sounda-q-layer and e x t e r n a l  flows, 
f l o w  wi th  s e p a r a t e d  r eg ions ,  t r a n s f e r  mechanisins, n a t u r a l  convect ion,  convection from r o t a t i n g  

and space v e h i c l e s ,  s o l a r  energy, gene ra l  hea t - t r ans fe r  a p p l i c a t i o n s ,  and plasma h e a t  t r a n s f e r .  

TECHNIQUES, LIQUID-METALS , S O ~ - E N E R G ‘ L ,  PLxszw 

, Avail  :TAC 

.) Brief  summaries of t h e  b a s i c  r e s u l t  o f  s e v e r a l  hundred i n d i v i d u a l  papers  on the 

I s u r f a c e s ,  combined h e a t  and mass t r a n s f e r ,  change of phase,  r a d i a t i o n  i n  p a r t i c i p a t i n g  ned ia ,  . s u r f a c e  r a d i a t i o n ,  l i q u i d  metals, measurement t echn iques ,  h e a t  exchange and h e a t  p ipes ,  a i r c r a f t  

(CONDUCTION, CONVECTION, BOUNDARY-LAYER, MASS-TRWSFER, ?SASE-CSLVGE, RADIATION,  EASiJRE.%Er’T- . m ..- 

HP77 lOOO?. HZAT PIPE - A SURVEY 

S c u l l i o n ,  J . ,  (Hezry Z. Kaiser Co., Ltd., Montreal, Quebec, Canada), ASMS gaper 76-DET-84 
kvai 1 : TAC 

This paper examines some of t h e  work t h a t  has been sone i n  developing t h e  heat ? ipe .  The 
paper is divrded i n t o  s i x  p a r t s :  h i s t o r y ,  basic  ope ra t ing  p r i n c i p i e s .  r e sea rch  and experi-  
mentation t o  neasure and proposed empi r i ca l  flow and hea t  t r a n s f e r  equa t ions ,  research ana 
development of n a t e r i a l s ,  a p p l i c a t i o n s  t o  contemporary problems, and Froposals  of systems t h a t  
could be use2 t o  s o l v e  everyday problems using e a s i i y  fcund m a t e r i a l s .  

(HISTCRY, OPE.XATION, RESEARCII, APPLICATIONS) 

I -  
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20004  

11, HEAT PIPE APPLICATIONS 

XI. A. GENERAL APPLICATIONS 

iIP77 20000 TFIERMAL ENERGY STORAGE UNIT BASED OX LITHIUX FLUORIDE 

Asselman, G.A.A., ( P h i l i p s '  Research Laboratories, Eindhoven, Netherlands) , Energy Conversion, 

Avai 1 : TAC 
A thermal energy s t o r a g e  u n i t  enploying l i t h ium f l u o r i d e  has  been b u i l t  t o  a S t i r l i n g  

engine. The h e a t  t r a n s p o r t  from t h e  electric hea t ing  elements t o  t h e  hea t  s t o r a g e  u n i t  and 
from t h e  l a t t e r  t o  t h e  h e a t  s ink  is a f f e c t e d  by t h e  evaporat ion and condensation of sodium. 

h e a t  t r a n s f e r  has t h e  c h a r a c t e r i s t i c s  of a heat pipe.  The experience gained x i t h  t h e  s to rage  
u n i t  b u i l t  combined with l a t e r  developments i n  t h e  heat-pipe f i e l d  and i n  t h e  use of a n t i -  
co r ros ion  i n h i b i t o r s  f o r  t h e  s a l t ,  have led t o  more s o p h i s t i c a t e d  des igns ,  which a r e  descr lbed.  

(STIRLING-CYCLE , DESIGN, ANTI-CORROSION- INHI3ITORs) 

V 16:35-47,  N l - 2 ,  1976 

. ~ .-+The l i q u i d  sodium is  t r anspor t ed  with t h e  a i d  of c a p i l l a r y  s t r u c t u r e s ,  so t h a t  t h e  system of 

HP77 20001 THE USZ OF A HEAT PIPE FOR THE CONTROL AND CALIBRATION O F  THERMAL RADIATION 
METERS 

Lanza, F. ,  X i c o l f i ,  T . ,  (1st. Metrol. 'G. C o l o n n i t t i ' ,  Turin,  I t a l y ) ,  Termotecnica, V 30:  
184-137, N 4 ,  1976, I n  I t a l i a n  

of a ccxvent ional  t u b u l a r  oven cnn ta in ing  an inconel h e a t  pipe with Na a s  t h e  working f l u i 4 .  
Data arc? r epor t ed  on temperature uniformity,  e n i s s i v i t y ,  and angular  d i s t r i b u t i o n  of r a d i a t i o n .  
Applicat ions f o r  c o n t r o l l i n g  and c a l i b r a t i n g  o p t i c a l  pyrometers,  radiometers ,  and s i m i l a r  
instruments  a r e  examined. 

(b&N, INCONEL , SODIUW) 

A the-mai r a d i a t i o n  source wi th  good blackbody c h a r a c t e r i s t i c s  is  descr ibed.  I t  c o n s i s t s  

&.. . . .. 

KP77 20002 A BEAT PIPE DEVICE FOR TEERMOMETRIC PURPOSES BETWEEN 600°C L i D  l l O O ° C  

.Lanza, F., R i c o l f i ,  T . ,  Bassani ,  C. ,  Geiger,  F., (1st. Metrol. 'G .  C o l o n n e t t i ' ,  Turin,  I t a l y ) ,  
Journal of Physics ,  E, v 9:876-878, N10, 1976 
Avai1 :TAC 

design d a t a  o f  t h e  h e a t  pipe and t h e  r e s u l t s  o f  d i f f e r e n t  t e s t s  on i t s  e f f e c t i v e n e s s  iir provid- 
i n g  l a r g e  i so the rma l  regions a r e  reported.  Thermometric a p p l i c a t i o n s  stemming from the  t e s t  
resul ts  a r e  suggested.  

(FGRNACF. , DES IGX) 

A furnace was developed which embodies a h e a t  pipe t h a t  o p e r a t e s . a t  600-11OO0C. The 

h 
- - _  .. 

KP77 20003 HEAT-PIPE-OVEW REACTOR (HPOR) STUDIES. 11 - FORX~TION O F  EXCITED CN I N  THE L I -  
NF3-CC14 TERNARY FLAAXE SYSTEM 

Lur i a ,  M . ,  Eckstrom, D . J . ,  Benson, S . X . ,  (Stanford Research I n s t i t u t e ,  Menlo Park,  C X ) ,  
Journal  of Chemical Physics ,  V 63:1595-1596, Aug 15 ,  1 9 7 6  
Avai 1 : TAC 

e x c i t e d  CN molecules from t h e  NF3-CClJ-Li ternary flame systcm f o r  chemical l a s e r  a p p l i c a t i o n s .  

(CEIEMICAL-WSER, CViXVIDES, LITIIIUM COMPOUNDS) 

This  gaper  r e p o r t s  t he  f i r s t  observat ion of purely cnen ica l  production of e l e c t r o n i c a l l y  

HP77 20004 HEAT-PIPE-OVEN REACTOR STUDIES. 111 - CHEMILUMINESCENCE FROM TERNARY FLAME SYSTSANS 

Lur i a ,  M., Eckstrom, D.J., Benson, S . B . ,  (Stanford Research I n s t i t u t e ,  Menlo Park,  CA) , Journa l  
of Chemical Phys ic s ,  V 65:1581-1588, AUg 15, 1976 
Avai i  : TAC 

t e r n a r y  flame systems ( v o l a t i l e  po lyha l ide ,  a l k a l i  metal ,  and o x i d i z e r )  performed i n  a hea t  
Pipe-oven r e a c t o r .  The following polyhal ides  w e r e  i nves t iga t ed :  C C l 4 ,  GsC14, SiCl4,  SnCl4, 
PC13, BI3, AsC13, SC12 and XF3, with sodium vapor used for t h e  reduct ion and N20 f o r  t he  

. ox ida t ion .  The emission c h a r a c t e r i s t i c s  O f  t h e s e  t e r n a r y  flame systems were c l a s s i f i e d  i n t o  
t h r e e  groups (1) flames t h a t  produced emission from e l e c t r o n i c a l l y  e x c i t e d  diatomic s p e c i e s ,  
( 2 )  flames t h a t  producsc s t rong  emission from t h e  var ious e l e c t r o n i c  l e v e l s  o f  t he  a l k a l i  

produced e n i s s i o n  only from t h e  lowest resonance l e v e l  of sodium. The photon y i e l d s  i n  the  
f irst  group were on t h e  o rde r  of 13 t o  t h e  -2nd t o  10 t o  t he  -4th;  i n  t h e  second group, up t o  
3 %  and i n  t h e  t h i r d  group, l e s s  tnan 10 t o  the -6th.  

The paper  p r e s e n t s  r e s u l t s  of an experimental  study of che-niluminescence from s e v e r a l  

atoms up t o  t h e  i cn izac ion  L i n i L ,  b i i t  ra.?i,i;ti~ii f rom Z X L ~ C Z ,  2 ~ 6  ! 3 !  *:!P& fls~es t5-2t 

CJEHICXL USER, f i ;< i~I  ,%TALS, OXIDIZERS, ?HOTON-DENSITY) 
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HP77 20005 WHAT'S NEW I N  HEAT TRANSFER EQGIPHENT 

Murray, I., (Applied Heat Trans fe r  Division, Nat ional  Engineering Laboratory,  England) , 
Process  Engineering, P. 68,69,71, Nov 1975 
A v a i  1 : TAC 

s ludge h e a t  exchanger,  a p p l i c a t i o n s  f o r  hea t  p i p e s ,  and a design service f o r  shell-and-tube 
h e a t  exchangers based on computer gcogtams. 

The au thor  in t roduces  an u l t r a s o n i c a l l y  c leaned coolsr, a. f a l l i n g  f i l m  evapora to r ,  a 

(COOLER, FALLING-FILM-EVAPORATOR, HEAT EXCHANGERS) 

HP77 20006 CONTROLLIIG POLY.WR TEMPERATURE OF A FIBER SPINNING PROCESS USING VARIABLE CON- 
DUCTANCE HEAT PIPES 

Sun, T.X., (Hughes A i r c r a f t  Co., Torrance,  CAI , Schae f fe r ,  J.I., (Brunswick Cor?., Cedar 

Conference, S t .  Louis,  MO, Xug 8-11, 1976 
Avai 1 : TAC 

of t h e  contaminants p r i o r  t o  e n t e r i n g  t h e  spin pump. However, when t h e  contaminants g radua l ly  
b u i l d  up i n  t h e  f i l t e r ,  t h e  p re s su re  drop across  t h e  f i l t e r  i n c r e a s e s ,  causing t h e  temperature 
of t h e  polymer t o  be increased due t o  t h e  a d d i t i o n a l  f r i c t i o n .  When t h e  system i s  switshed t o  
a c l ean  f i l t e r ,  t h e  p re s su re  drop dec reases ,  and t h e  polymer flows a t  a lower Cem?erature. 
The v a r i a t i o n  of po1:rmer tentperatures t h a t  occurs because of t h e  f i l t e r  swi%shinu a f f e c t s  
f i b e r  sp inn izg  parameters.  I n  o rde r  t o  solve t h e s e  non-uniform polymer temperacure problems, 
t h e  u s e  of v a r i s b l e  conductance hea t  p i p e  (VCSP) was considered t h e  Cowtherm A hea t  p i p e  das::?:: 
and tes t  resclts a r e  presented.  

(CONTAYINANTS, FILTER) 

L ...- Knolls ,  NJ), N o .  3 1 ,  American I n s t i t u t e  o f  Chemical Engineers ,  16 th  Xat ional  Heat T r a n s f e r  

I n  c u r r e n t  polymer f i b e r  spinning processes,  p r e f i l t e r s  a r e  used to  e l imina te  t h e  bulk 

HP77 20007 A TSXRESTRIAL SOLAR EXERGY POWER SYSTEX 

%ani ,  T.  , Sawata, S. , Horigome, T., (E lec t ro t echn ica l '  Laboratory,  ToKyo , Japan) , S o l a r  Energy , 
Xvai 1 : TAC 

Development of an e f f e c t i v e  s o l a r  energy u t i l i z a t i o n  tec.hnique is of prime imyortance 
i n  so lv ing  t h e  ene rqy  crisis mankind is confronted wi th  today. I n  r ecen t  yea r s  advancements 
have been made i n  high temperature measurements, high e f f i c i e n c y  s e l e c t i v e  r a d i a t i o n  m a t e r i a l s ,  
high temperature  h e a t  p i p e s ,  h e a t  s to rage  medium, semiconductor .manufactur ing techniques,  
sQace technology, etc..  i n  t h i s  a r t i c l e  t h e  au tho r s  o u t l i n e  a s o l a r  energy u t i l i z a t i o n  system 
( a  t e r r e s t r i a l  s o l a r  energy power system) and d i s c u s s  t h e  f e a s i b i l i t y  of a s o l a r  enerqy power 
system. 

~. . .  

V 18:281-285, N4, 1976 

(EFFICIENCY, ENEBGY-STORAGE, TESTS, HYDROGEN, MATERIALS, RADIATION, SEMICONDUCTORS, SOLAR- 
-. . . COLLECTORS) - 

HP77 2 0 0 0 8  HEAT PIPES FOR THE TRAETS-ALASKA ?IOELINE 

Waters, E.D., (!.~cgonnell aouglas Astrocaut ics  Co.), Paper No. 119 ,  ?resented a t  the 2nd 
I n t e r n a t i o n a l  Eeat  P i p e  Conference a t  Bologna, I t a l y ,  Har 31-Apr 2 ,  1 9 7 6  
Avail  : TAC 

The reasor. f o r  coo l ing  t h e  support  members of t h e  above-ground por t ion  of t h e  t r a n s -  
h l a ska  p i p e l i n e  is d i scossed ,  along with s tud ie s  t h a t  l e d  to use of hea t  pipes  f o r  Seasonal 
r e f r i g e r a t i e n  of c..L,e permafrost .  The physical and t h e r n a l  c h a r a c t e r i s t i c s  of t h e  :?est p i p e s ,  
which range from 9 t o  2 3  meters i n  l e n g t h ,  are desc r ibed .  Manufacturing approaches t o  pro- 
ducing such p i p e s  a t  r a t e s  o f  more than 5 0 0  units p e r  day a r e  discussed.  
i n s t a l l a t i o n  i n  a s e v e n t  of t h e  p i p e l i n e  during l a t e  1 9 7 4  and e a r l y  1979 a r e  presented., 

Resul ts  of h e a t  p i p e  

(PERMAFROST, VAVUFACTURE, INSTALLATION) 

5 2 7 7  20009 TSEL-SAVIXG DEVICES FOR THE HOKE 

Cansumer Xeporrs,  p. 16-17, Jan 1977 
AVa1l:TAC 

t o r  t o  i n c r e a s e  =:?e co&ustion e f f i c i e n c y  of gas - f i r ed  furnaces;  an Air-0-Space Beater  by 
I so the rmics ,  Inc., t o  recover  the  nea t  from t h e  f l u e  gas .  

Th i s  r e p o r t  b r i e f l y  in t roduces  t w o  devices t o  save f u e l  f o r  home owners: a C02 ind ica -  

( C C - ~ U S T I O N - ~ F F I C I Z X ~ ,  FURNACES, HEAT-PIPE-HEATER, FLUE-GAS) 

?Io C i t a t i o n  i n  ??date,  Xar 31, 1 9 7 7  
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I 11. C. AEROSPACE ORISNTED APPLICATIONS 

8377 22000 INVESTIGATION OF THE THERMAL CONTROL OF INSTRUMENTS MOUNTED I N  THE SPACE SHUTTLE 
CARGO BAY 

Bartoszek,  J.T. e Almqren. D.W. I (Arthur D. L i t t l e  , Inc. , Cambridge, MA) 
M., (NASA? Goddard Space F l i g h t  Center ,  Greenbelt ,  M D ) ,  A I M  paper 76-461, 11 p., American 
I n s t i t u t e  of Aeronautics and Astzonaut ics ,  Thermophysics Conferencer l l t h ,  S a n  Diego, CA. 

Avai1:TAC 
aesults are presented  for an inves t iga t ion  intended t o  examine the  o r b i t a l  averaqed 

ee-1 response of a number of i n s t r q e n t s ,  each being r e p r e s e n t a t i v e  of a class of s c i e n t i f i c  
ins t rumenta t ion ,  when they a r e  i n d i v i d u a l l y  mounted on p a l l e t s  and opera ted  i n  t h e  cargo bay 
of  t he  s h u t t l e .  The d i scuss i cn  covers  mainly t h e  s h u t t l e  o r b i t e r  thermal models, t he  s o l a r  

. . 0. ..-. viewing instrument ,  and the  high-energy instrument.  One approach t o  thermal i n s u l a t i o n  of 
smaller instruments  is  t o  provide a t h e r n a l  c a n i s t e r  i n su la t ed  from the  cargo bay and equipped 
wi th  v a r i a b l e  conductance h e a t  p ipes .  Two apprcaches a r e  proposed for l z r g e r  instzuments.  
One approach is t o  a rovide  a t h e r m a l  c u r t a i n  across  t h e  top of t h e  p a l l e t  which s h i e l d s  t h e  
a a l l e t  c a v i t y  from d i r e c t  s u n l i g h t ,  while t he  second approach i s  t o  provide a f l u i d  system 
to  t r a n s f e r  h e a t  from a s p e c i f i e d  loca t ion  on an instrument  t o  e i t h e r  a space viewing rad ia-  
t o r  on the  p a l l e t  o r  instrument  o r  t h e  o r b i t e r  cool ing  system. These thermal c o n t r o l  design 
concepts  re?resent  s e v e r a l  i deas  f o r  s tandard r eusab le  thermal c o n t r o l  systems. 

Ollendorf , s . ,  CoYler 

July 14-16, 1976 

(SATELLITS, IXSULATION , HEAT-SHIELD) 

HP77 2 2 0 0 1  EXTENDED CRYOGENIC PERFORMANCE OF LOBAR WICK HEAT PIPE/RADIATOR 

Ce-*ne?, A.A., Jr., Nelson, B .E . ,  P e t r i e ,  Vi., (Perkin-Elmer Cor?., Danbury, C T ) ,  Paper ?Jc 
81, presented  a t  the  2nd I n t e r n a t i o n a l  H e a t  P i g e  Conference a t  Bologna, I t a l y ,  Mar 31-Apr 2 ,  
1976 
Avai l  : TAC 

%o series of c ryogenic-vacuumtes ts  were performed by Perkin-Zlmer as p a r t  of a cont inuing  
;e*searcn program aimecl a t  developing l igh tweight ,  r e l i a b l e ,  and e f f i c i e n t  Lobar Wick Sea t  p ipe /  
r a d i a t o r  o r  nea t  p ipe / so l id  cryogen cool ing  s y s t e m s  f o r  e a r t h  resource and meteoro lsg ica i  space- 
borne d e t e c t o r s .  I n  t he  f i r s t  sar ies ,  a 640 cm long n i t rogen  hea t  p ipe / r ad ia to r  was t e s t e d  
from 74-116°X; pipe perfornance w a s  isothermal to  approximately lox .  During the  second, a 
thermal  eva lua t ion  vas  made on t!!e f e a s i g i l i t y  of conver t ing  a complex f o c a l  plane assembly 
i n t o  an  i n t e g r a l  p a r t  of a hea t  p ipe  cool ing  systom. High power l o c a l i z e d  hea t ing  was appl ied  
a long  t-he 1 .3  c m  wide l i p  of an arc-shaped evaporator  that. w a s  4 2 . 4  c m  long and 7 . 6  x i 0 . 2 4  
C n 2  i n  c r o s s  g r a d i e n t s ,  wi th  =l°K temporal s t a b i l i t y  during t r a n s i e n t  loadings ,  can be achieved 
w i t h  power l e v e l s  ~p t o  20 w a t t s .  While no attempt w a s  made t o  i d e n t i f y  the  upper hea t  t r ans -  - 
p o r t  l i m i t  o f  t h e  Lobar Wick, 31.3 watts w a s  success fu l ly  c a r r i e d  by ni t rogen.  - 
(TESTS, COOLING-SYSTEM, HEAT-TRANSPORT-LIMIT) 

h :. - . 
HP77 22002 HEAT PIPE AND STACE RADIATOR DEVELOPrnNTS 

m o d a c r e ,  J . B . ,  (GEC - Xarconi E lec t ron ic s ,  Chelmsford, United Kingdom), G r i f f i t h s ,  G.D., 
(Xarconi Space and Defense Systems Ltd. ,  Portsmouth, United Kingdom), Paper N o .  K6, presented  
a t  t he  2nd I n t e r n a t i o n a l  Heat Pipe Conference a t  Bologna, I t a l y ,  Mar 31-Apr 2 r  1 9 7 6  

,Avail:TAc 
h r,?lmber of  t e s t  r i g s  have been developed and manufactured under a U.K.  gover.nment con- 

t r ac t  involv ing  a comprehensive survey of wick types for space app l i ca t ions .  T h e s e  r i g s  
comprise wicking rise and f a l l i n g  column techniques f o r  c a p i l l a r y  head measurements acd a 
corrnined r i g  f o r  measuring the  2ermeabi l i ty  of. wick samples under both forced and g rav i ty  
flow cond i t ions .  These r i g s  have been u t i l i z e d  t o  deterrnine t h e  wicking p r o p e r t i e s  of meshes, 
s i n t e r e d  powders and metal  f e l t s .  The a r t e r y  hea t  pipe manufacture and i t s  computer a ided 
des ign  are d iscussed .  Since weight i s  of c r i t i c a l  importance i n  spacec ra f t  des ign ,  a s tudy is 
now be ing  c a r r i e d  o u t  i n t o  t h e  use of f ixed  conductance hea t  p ipes  in s t ead  of s o l i d  conduction 
t o  d i s t r i b u t e  t h i s  h e a t  over  t he  r a d i a t o r  surface.  The design c r i t e r i a  of t h i s  r a d i a t o r  i s  
preser. te6.  

(WICIING-PROPERTIES, D E S I G N ,  ARTERY-HEAT-PIPE) 

HP77 22003 DE=LOP?IEXT OF SPACE APPLICATIONS OF HEAT PIPES AT AEROSPATIALZ 

Yar t inez ,  I . ,  x o s c h e t t i ,  B., (Aerospa t ia le ,  Cannes, F rance ) ,  Zlathieu, J . P . ,  (Sabca,  S r u x e l l e s ,  

Italy. M a r  31-4pr 2 ,  1 9 7 6  
Avai1:rAc 

1 3 7 4 :  Development and app l i ca t ion  of conventional h e a t  z ipes  and of r e l evan t  a p p l i c a t i o n s ,  
Sec3nd ste3: 1 9 7 5  t;?rcuqh 1 9 7 6 :  Development ana q u a l i f i c a t i o n  of variable-conductance hea t  
?ices and OLf r e l evan t  app l i ca t ions .  "he various hea t  pipes  developed and proven a t  SABCX, 
p e r f i t  to cover  a vide range of  hea t  t r ans fe r s .  The c a l c u l a t i o n  methods f o r  systems inc luding  
nea t  ? i F e s  have been developed ana confirmed by t h e  nmerous  t e s t s  performed a t  both l e v e l s  

- a e l - j i q u e ) ,  Paper NO. K 3 ,  p resented  a t  t he  2nd I n t e r n a t i o n a l  Hear. Pipe Conference a t  Bologna, 

-.,r oijiiEtii yr.ogra,?i~,a lias L--- - - 7 : *  ;-.e -..e - - L e -  -L---- =:--* - ---- T n - ?  ..._--..-L 
U C C I A  a?*-+ A.,LV c a w  U I ~ A J V L  a c s p a .  - I L ~ L  a c e u ;  - > I &  C L L - U U ~ I I  n l -  
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Of convent ional  h e a t  p ipes  systems and gas heat p i p e s  systems. 
t echno log ica l  s o l u t i o n s  is from now on a v a i l a b l e  and is e a s i l y  t r a n s f e r r a b l e  according t o  which 
r e s p e c t i v e  c a s e s  a r e  envisaged. 

A wide choice of aroven 

(VCfIP, APPLICATIONS) 

HP77 22004 THE INTERNATIONAL HEAT PIPE EXPERIMENT 

McIntosh, R. , o l l e n d o r f ,  S. , Sherman, A. , (NASA Goddard Space F l i g h t  Cen te r ,  Greenbel t ,  MD) , 
Harwell, W., (Grunrman Aerospace Corp., Sethpage, NY) , gaper N o .  Jl, presented a t  t h e  2nZ 
I n t e r n a t i o n a l  Heat Pipe Conference a t  Bologna, I t a l y ,  Mar 31-Apr 2 ,  1976 
Avail : TAC 

Brant  sounding rocke t  from White Sands, New Mexico. The f l i g h t  provided s i x  minu tes  of near  
zero g r a v i t y  du r ing  which a t o t a l  o f  ten s e p a r a t e  hea t  pipe expe r inen t s  were performed. The 
f i f t e e n  h e a t  p ipes  t e s t e d  r e p r e s e n t  some o f  t h e  l a t e s t  American and European technology. This 
f l i g h t  2rovided t h e  f i r s t  r epor t ed  zero g rav i ty  d a t a  on cryogenic and f l a t  p l a t e  vapor chamber 
h e a t  pipes .  
h e a t  p ipe  conf igu ra t ions .  This paper w i l l  d i s cuss  t h e  payload and s e v e r a l  of i t s  experiments. 

( ZERO-GXAVITY, CFtYOGENIC-TEMFZRATURE I VAPOR CEP-EX) 

On October 4 ,  1974, t h e  I n t e r n a t i o n a l  Heat P ipe  Experiment was launched aboard a Black 

Add i t iona l ly ,  va luab le  design and engineer ing d a t a  was obtained on s e v e r a l  o t h e r  

HP77 22005 A SEAT P I P E  PANEL FOR A XIGd POWER SPACEBORNE TWGVS?ONDER 

Sco l lon ,  T.R., (General  Electr ic  C c . ,  Ph i l ade lph ia ,  P A ) ,  DOC-76SDS030, 89 p., Zuly 1 9 7 6 ,  

Avai1:TAC 

which can provide p r ina ry  Lkermal c o n t r o l  :or a high-power spaceborne t ranspocder .  A panel of 
t h i s  design is s u i t a b l e  f o r  use i n  a two-channel c o l o r  t e l e v i s i o n  transponder which i s  t h e  
payloa' o f  a communications sat!-illite. The heat p ipe  panel p r o j e c t  wzs s u c c e s s f c l  with x?spec t  
t o  a l l  de f ined  o b j e c t i v e s .  
ex t ens ive  t e s t i n g ,  t h s  a b i l i t y  t o  meet all inposed thermal requizements. 

376-31.152 

The development. des ign ,  and t e s t i n g  a r e  desc r ibed  of a h e a t  p i p e  isothe-malizing panel 

X panel  w a s  designed and f a b r i c a t e d  and demonstrated,  through 

A?ESIGX, TEST, COMMC?ICATIONS-SATZLLI"E) 

. I T .  D. NUCLEAR SYSTEXS 
- .* 7 

HP77 23000 CONCENTRIC HEAT PIPE CAVITY FOX E-BEAM EXCITSD U S E R S  L 

H a l l e r ,  F.B., (PJational Bureau c f  Standards,  Boulder, C O 1 ,  Hessel, H.X., Neef, W., Lai ,  W., 
Lohr, H . ,  Symposiun on Engineering Problems of F.usion Research, b t h ,  Proceedings,  San Diego, 

Xvai1:TAC 
A c o n c e n t r l c  h e a t  p ipe  oven fcr metal vapor-noble gas mixtures  has been designed and 

c o n s t r u c t e d  a s  a nigh power l a s e r  c a v i t y  f o r  l a s e r  fusion a p p l i c a t i o n s .  A 1 X e V ,  1 0 0  KA, 
5 0  ns e-beam is  i n j e c t e d  i n t o  t h i s  oven through a s t a i n l e s s  steei  f o i l  wir?dow, .125 mm th i ck .  
D e t a i l s  of  t h e  cons t ruc t ion  and desiqn cons ide ra t ions  of t h e  h e a t  p ipe  oven, f o i l  window and 
s a f e t y  f e a t u r e s  a r e  given. 

(OVEN, FUSION, DESIGN) 

.->* .. . . 
. I  

CX, p .  79-33, NOV 1 8 - 2 1 ,  1575 

HP77 2 3 0 0 1  AEAT PIPES W I T H  A NON-CONDENSXaLE GAS ANC THE12 APPLICATION IN NUCLEAR APPARATUS 
AND INSTRUMENTS 

Polasek,  F., s t u l c ,  P . ,  (Nat ional  Research I n s t i t u t e  for Nachine Design, Prague - Bechovice, 
C techos lovak ia ) ,  paper yo. 17, presented a t  the 2nd I n t e r n a t i o n a l  Heat 2 i s e  Cocference a t  
Bologna, I t a l y ,  Mar 31-Apr 2 ,  1976 
Avai l  : TXC 

t h e  n u c l e a r  apparat-Js and instruments  which r equ i r e  the  a b i n t a i n i n g  of t h e  hea t  excnanging 
s u r f a c e  temperature  wi th in  a narrow temperature range a t  B change i n  t h e  hea t  f l ux .  Resul ts  
Of t h e  o p e r a t i n g  c h a r a c t e r i s t i c  measurements of t he  s t a i n l e s s  s tee l  hea t  pipes  f i l l e d  with 
H2O + Ar and Na + a r e  g i r e n  i n  t h i s  con t r ibu t ion .  The s t a b i l i z i n g  hea t  p ipes  were used 
a s  h e a t  exchanging elements in i r r a d i a t i o n  capsule prototypes f o r  s t r u c t u r a l  n a t e r i a l s  test-  
l n g  i n  t h e  nuc lea r  r e+c=or  a c t i v e  zone and i n  t h e  vacuum d i s t i l i i n g  u n i t  of 190 1 crude sodium 
c z p a c i t y  . 
!STAINLESS S T ~ W L ;  w . r _ ? ~ R ,  g?nIrjy ~ TRRADIATION-CXPSULZ) 

The h e a t  p ipes  f i l l e d  with a c t i v e  f l u i d  and i n e r t  gas can be advantageously a p p l i e s  i n  
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11. E. ELECTRICAL AND ELECTRONIC APPLICATIONS 

HP77 24000 HIGZ POWER MCROWAVE WIXDOW W I T H  A MICROWAVE TRANSPARENT COOLING MECHANISM I 

S m i t h ,  B.L., (U.S. - 8  Huntsv i l l e ,  AL), Colwell, G.T., Basset, H.L., Schuchardt,  J.N., 
(Gaorgia I n s t i t u t e  of Tecnnology, A t l an ta ,  GA),  In:  I n t e r n a t i o n a l  Conference of Electro-  
magnetic Windows, 3rd,  Ecole Nat ionale  Superieure d e  Techniques Avancees, P a r i s ,  France,  
Proceedings,  Sep t  10-12, 1975, A76-45683 

devices.  X c a p i l l a r y . m a t e r i a 1  c a l l e d  t h e  w i c k  is bonded t o  t h e  i n n e r  s u r f a c e  of a metal pipe.  % 

The p ipe  is evacuated: a s u i t a b l e  working f l u i d  i s  used t o  s a t u r a t e  t h e  wick; t h e  device is 
sealed.  One end of p ipe  i s  heated,  while t h e  o t h e r  end is cooled. F lu id  w i l l  evaporate  from 

ay c a p i l l a r y  a c t i o n ,  t he  wick t r a n s p o r t s  t h e  condensed f l u i d  back t o  the  heated a r e a  and t h e  
cyc le  r e p e a t s  i t s e l f .  The cool ing technique was t e s t e d  on an S-band microwave window, up t o  
435 w a t t s  h e a t  f l ux .  

I 
The paper dasc:ibes a microwave t r anspa ren t  h e a t  a i p e  technique f o r  coo l ing  microwave 

. - .-t!!e heated r eg ion ,  wit;? t he  r e s u l t i n g  vapor t r a v e l i i n q  t o  t h e  cooled region where it condenses. 

(TEST, BEAT FLUX) 

.i -. 
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111, HEAT PIPE THEORY 

11. A. GENERAL THEORY 

RP77 30000 INVESTIGATION OF GAS-CONTROLLED HEAT PIPES WITH RESERVOIRS OF CONSTANT AND 
VARIXBLE VOLUME 

Barsukov, V.V., (Odesskii Tekhnologicheskii Institut Kholodilnoi Promyshlennosti, Odessa, 
Ukrainian, USSR), Inzhenerno-Fizicheskii Zhurnal, V 31:587-593. Oct 1976, A77-14327, 
In Russian 

fluctuations of the temperatures of the heat release area ana the medium about the reservoir. 
An expression which can be used to evaluate the possibility of using a heat pipe with a hot 

calculating heat pipes with a reservoir of variable volume. 

The performance characteristics of gas-controlled heat pipes is analyzed for pronounced 

.._ reservoir of constant volume under various conditions is derived, along with an equation for 

I 
.. " ., . .  

. .. . 

( PERFORMAXE, THEORIES) 

HP77 30001 ZUNSFER FUNCTION ANALYSIS Of HEAT PIPES 

Rajakumar, A . ,  Krishnaswamy, P.R., (Chemical Engineering, Indian Institute of Technology, 
Madras, India), paper No. D6, presented at the 2nd Interiational Heat Pipe Conference at 
Bologna, Italy, Lxar 31-Apr 2, 1976 
Avail : TAC 

response through an unsteady-state model. Detailed frequency 2omain dynamics of heat pipes 
has been established quantitatively. The response curves are definitive in differantiat. ng 
and describing the effects of system parameters on the dynamics. Preliminary experimental 
investigation carried out in the laboratory indicates that experimental transfer functions 
agree with theory. Apart from describing thedynamics, the results coulc! be readily used in 

This papsr describes the dynamic characteristics of heat pipes in terns of frequency 

2qedback control of heat pipes. - . 

(FREQUENCY-RESPONSE, FEEDBACK-CONTROL) 

HF77 30002 GAS .SELEASE DURING LONG-TERM OPERATION OF HEAT PIPES 

Gil, V.V., Minkovich, E.N., Shnyrev, A.D., (Akademiia Nauk Belorusskoi SSR, Institut Teplo-i 
Massoobmena, Minsk, Belorussian, USSR), Inzhenerno-Fizicheskii Zhurnal, V 31:594-600, Oct 
1976, A77-14328, In Russian 

Gassing processes are analyzed for low-temperature heat pipes employing hydrogen2 
containing heat transfer agents. The influence of noncondensing gases on the service life 
of low-temperature heat pipes is exanined. It is shown that the mass of the released gas is 
defined by thermal dissociation, cnemical dissolution, and electrochemical dissociatioc, 
the latter usually playing the principal part. A method of calculating gassing is developed 
on the basis of theoretical considerations. 

(THERW-DISSOCIATION, CBEMICAL-DISSOLUTION, THEORIES) 

:._ 

11. B. HEAT TRANSFER 

HP77 31000 INVZSTIGATION OF HEAT TRWSETR CXPIL'&Y LIXIT IN SODIUM HEAT PIPES 

Ivanovsky, M.N., Subbotin, V.I., Sorokin, V.P., Yagodkin, I.V., Tchulkov, B.A., Kuznetsova, 
L . M . ,  (Institute of Physics and Power Engineering, Obninsk, USSR), paper No. C2, presented 
at the 2nd International Heat Pipe Conference at Bologna, Italy, Yar 31-Apr 2, 1976 
Avail : TAC 

ana experimental check of application range of such procedures remain urgent at present. For 
the high-temperatme heat pipes it is important to study the region of operating temperatures 
at which the vapor compressibility can influence the calculational relationships. The rs- 
S d t S  Of an experimental check of maximum heat transfer values obtained from ;I-unerical cal- 
culation procedures with consideration for  the vapor compressibility and without it are pre- 
sented in the pzper. 

(VAPOR-CO~Lp~ssIaILI"Y, EXPERECNTS) 

Development of engineering methods for the calculation of heat transfer capillary limit 

1 
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111- C. FLUID FLOW 

HP77 32000 STUDY OF THE PROPERTIES OF HEAT PIPES WITH LIQUID-METAL HEAT TRANSFZR AGENTS 
I N  LOW-TEMPERATURE .XEGIMES 

Bysfrov, P.I . ,  Popov, A.S., Tep lo f i z ika  Vysokikh Temperatur, v 14:629-637, .Xay-June 1 9 7 6 ,  
A77-13243, In  Russian 

l iquid-metal  h e a t - t r a n s f e r  agen t s  a t  l o w  vaporizat ion temperatures .  
account t h e  compressikti l i ty and f r i c t i o n  of t!!e vapor flow, heat-load nonequilibrium along 
t h e  l e n g t h  of t h e  vapor i za t ion  zone, and the temperature depeneence of t h e  p rope rz i e s  of t h e  
h e a t - t r a n s f e r  agent .  It  is shown t h a t  t h e  capaci ty  of h e a t  pi?es  i n  son ic  flow regimes depends 
s u b s t a n t i a l l y  on t h e  geometric dimensions of the vapor i za t ion  zone: i . e . ,  t h e  diameter of 

--.,the vapor d u c t  and t h e  r a t i o  of zone l eng th  to  diameter.  The c a l c u l a t i o n s  a l s o  i n d i c a t s  t h a t  
neg lec t  of t h e  f r i c t i o n  of t h e  vapor flow leads t o  e r r o r s  of 5 0 %  or more i n  d e t e m i n i n g  t h e  
s o n i c  l i m i t .  The t h e o r e t i c a l  r e s u l t s  a r e  found t o  be i n  good agreemect wit:? experimental  
measurements i n  a vapor duc t  and with empir ical  d a t a  on t h e  son ic  l i m i t  of hea t  t r a n s f e r .  
The g r e a t e s t  discrepancy between theory and experiment does no t  exceed 1 0 % .  

A nethod is o u t l i n e d  f o r  t h e  t h e o r e t i c a l  s tudy o f  t h e  p r o p e r t i e s  of h e a t  p iges  con ta in ing  
This  method t akes  i n t o  

.. -.. 

(COMPRESSIBILITY, FRICTION, SONIC-LIXIT, THEORY, EXPERIMZNT) 

HP77 32001 DETERMIXATION O F  FLOW VARIABLES IN TRE EVAPORATOR OF A NONL'NIFORMLY-HEATED HEAT 
P I P E  

Tolubinskiy,  V . I . ,  Shevchuk, Y e . X . ,  Chistopyanova, N.V. ,  Heat T rans fe r  - Sov ie t  Xesearch, 
V 7:74-78, N5, Sept-Oct 1975 
Avail  : T X  

d e n s i t y  d i s t r i b u t i o n s  of vapor a long a heat-pipe evaporator  a s  a funct ion of neat-f lux 
nonun i fo rn i ty  is  der ived.  The se t  is convenient for  computer so lu t ion .  R e s u l t s  of numerical 
sol-ution a r e  presented.  

A set of d i f f e r e n t i a l  equat ions f o r  deternining t h e  p r e s s u r e ,  v e l o c i t y ,  temperature and 

- .. . .  

(PRESSURE, YELOCITY, TEAWE.PXTURE t DENSITY, XUMERICAL SOLUTION) 

,.? 

c 
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I V .  DESIGN, DEVELOPPIWT, AND F!ABRICI\TION 

IV .  A. GENERAL 

HP77 40000 T!iERMODYNAMIC ANALYSIS OF ALTERNATE ENERGY CARRIEW: HYDROGEN A I D  CHEMICAL 
HEAT PIPES 

. Cox, K.E., ( U n i V e r S i t Y  of New Mexico, Albuquerque, N M ) ,  Ca r ty ,  R.H., Conger, W.L., Soliman, 
M.A., Funk, J.E., Hydrogen Energy, v ? : l B . 3 - 1 B . 1 6 ,  1976 
Avail : TAC 

from a primary energy source ( n c c l e a r ,  s o l a r )  t o  t h e  use r .  I n  t h e  chemical h e a t  p ipe  system, 
primary energy i s  transformed i n t o  t h e  energy or' a r e v e r s i b l e  chemical r e a c t i o n ;  t h e  chemical 
s p e c i e s  can then be t r ansmi t t ed  o r  s t o r e d  u n t i l  t h e  energy is  requ i r ed .  Chemical hea t  pipe 
systems such a s  EVA-ADX4 and Solchen appear more a t i r a c t i v e  than t!!ermochemical schemes t h a t  
produce hydrogen by w a t e r - s p l i t t i n g  on a f i r s t - l a w  e f f i c i e n c y  b a s i s .  Analysis of thermo- 
chemical hydrsqen schemes and chemical b e a t  pipe systems on a second-law e f f i c i e n c y  o r  a v a i l a b l e  
work b a s i s  show t h a t  hydrogen is s u p e r i o r  e s p e c i a l l y  i f  the end use of t h e  chemical hea t  p ige  
i s  electrical power. Add i t iona l ly ,  hydrogen has  t h e  f c r t k e r  advantage o f . w i d e r  u t i l i z a t i o n .  

aydrogen and chemical h e a t  p ipes  have been proposed as methods of t r a n s p o r t i n g  energy 

. I L ...- 

(CEEMICAL-XAZTION, EFFICIEXCY) 

HP77 4 0 0 0 1  PRCCSSSES IN HEAT PITES 

Ivanovsk i i ,  M . G . ,  Sorokin,  V .P . ,  Yaqodkin, I . V . ,  Tr. Fiz.-Energ. I n s t . ,  p. 281-289, 1974, 
I n  Russian 

The sound, t h e  carry-cver ,  t h e  c a p i l l a r y ,  and t h e  heat ing-sect ion l i n i t a t i o n s  t h a t  
c c n t r c l  t h e  e f f i c i e n c y  a r e  disc-issed. T 5 e  condensation-zone design v a r i a t i o n s  w e r e  anall-zed. 
The maxinum a x i a l  hea t  f l u x  at50Q-2000Qkwas c a l c u l a t e d  for E(, S a ,  L i ,  C a ,  T i ,  9 a ,  and Sr 
working f l u i d s .  The maxinun t r a n s f e r  capacity w3.s deternined experimental ly  with Na. The 
hea t ing - sec t ion  l i m i t a t i o n s  ( t h e  evaporat ion v e l o c i t y ,  t h e  r e a c t i v e  f o r c e s ,  and t h e  bo i l ing -  
p ~ e r  e f f e c t )  and t h e  negat ive.  e f f e c t  of impur i t i e s  i n  t h e  h e a t - t r a n s f e r  media o r  i n  t h e  heat-  
p ipe  s u r f a c e  m a t e r i a l  were pointed o u t .  

(SONIC-LIXIT , EWTRAIXXEXZ'-LIXIT, WICXING LIMIT, 30ILING-LIMIT,  MAXIEIUM-CAPACCSTY) 

BP77 40002 FUXDELUIENTALS O F  HEAT PIPE THEORY ILUD DESIGN 

.. Lev i t an ,  M.M., Perelman, T.L.,  ( I n s t i t u t e  of Heat and Mass Trans fe r ,  Academy of Sciences of 
t h e  Be lo russ i an  SSR, Minsk, USSa), S o v i e t  P h y s i c s  - Technical Physics ,  V 19:983-998, N8, 
Feb 1975, Engl ish t r a n s l a t i o n  

The problem of hea t  pipe design is  t r e a t e d  r igo rous ly .  Heat and mass t r a n s f e r  i n  t h e  
j a c k e t  and c a v i t y  of a hea t  p ipe  a r e  considered. Coupling cond i t ions  a t  t h e  i n t e r n a l  s u r f a c e  

.. .... of t h e  j a c k e t  a r e  analyzed i n  deta;S. As applied t o  high-temperature h e a t  pipes  i n  which 
a l k a l i  metals  a r e  used a s  t h e  h e a t  t r a n s f e r  agent  t h e  problem i s  formulate2 wich t h e  inc lus ion  
of chemical t ransformations of t h e  vapors of t h o s e  t r a n s f e r  agents .  For proper h e a t  pipe 
o p t i m i z a t i o n  ope ra t inq  cond i t ions  a r e  s e t  up which include t h e  r e a c t i o n  of t h e  f l u i d s  of 
vapor i z ing  and condensing n a t e z i a l s  a t  t h e  phase- t ransi t ion su r face .  

(HEAT T?.ANSFER, . W S  TXANSFER, JACKET, WWLI-.!'TALS, OPTIMIZATION) 

HP77 40003 

Polasek,  F., S t u l c ,  P., (Na t iona l  Research f n s t i t u t e  f o r  Machine Design, Prague - Bechovice, 
Czechoslovakia) ,  paper Yo. 9 ,  presented a t  t h e  2nd I n t e r n a t i o n a l  Heat Pipe Conference a t  
aologna,  I t a l y ,  xa r  31-Xpr 2 ,  1 9 7 6  
Avai l  : TAC 

working ternperatures from 2 0 0 - t o  603 Centigrades with ? a r t i c u l a r  angle  d i r e c t e d  t o  a f ind ing  
Of a new mconven t iona l  working f l u i d  enabling t h e  funct ion of hea t  pipes  within t h e  whole 
range of temperatures  from 2 0 0  t o  50OoC. The f i r s t  ? a r t  of t h e  paper d e a l s  with the  wor:iing 
f l u i d s  from t h e  po in t  of view o f  t he  thermophysical p r o p e r t i e s  and the  second p a r t  gives  t h e  
r e s u l t s  of t h e  t h e o r e t i c a l  and e x p e r i n e c t a l  d e t e r a i n a t i o n  of t h e  t h e r n a l  c h a r a c t e r i s t i c s  of 
t h e  produced v e r t i c a l  g r a v i t y  p ipe  func t ion  samples f i l l e d  with dowtherm A, sulphur and sulphur 
wi th  a d d i t i v e s .  

(DOtJTHEXM A,  SULTHUR, ADDITIVES) 

YEIT PIPES FOR THE TEMPERATURE RANGE FROM 200°C TO 600°2 

The a i m  of t h i s  paper is to g ive  some knowledge frcm t h e  r e sea rch  of t h e  hea t  p ipes  wi th  

HP77 4 0 0 0 4  ON THE DESIa OF HEATER SECTIONS O F  ?IATURAL-CONVECTION, LIQUID-METALS HEAT 
PIPES 

Sobrero,  E . ,  (Fac d i  Ing, Bologna, I t a l y ) ,  Energie Nucleaire ( N i l a n ) ,  V 23:212-224, 21.1, 
APr 1 9 7 6 ,  I n  I t a l i a n  

9 
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Analy t ica l  r e l a t i o n s  f o r  t h e  des ign  a€ heater  sections of na tura l -convec t ion ,  l i qu id -  
metals heat-pipes  are considered,  t h a t  account f c r  t he  in te rna l  t h e m 1  r e s i s t a n c e  between 
the walls and t h e  b o i l i n g  l i q u i d  and i t s  v a r i a t i o n s  along the h e a t e r  s ec t ion .  The comparison 
between t h e  r e s u l t s  ob ta ined  by t h i s  way i n  the calculat ion of  t h e  h e a t  exchanger s u r f a c e s ,  
and those  de r iv ing  from s impl i f i ed  hypotheses ( f o r  example, assuping  a s  n u l l  t h e  thermal 
resistance between t h e  wall and t h e  b o i l i n g  l i qu id )  shows a s i g n i f i c a n t  d i f f e r e n c e ,  i n  par-  
t i c u l a r  as concerns h e a t  exchangers i n  nuclear power p l a n t s  using l i q u i d  metals as primary 
coolan ts .  The p r e s e n t  approach permits  a more realist ic c a l c u l a t i o n  of t h e  exchange su r faces .  

(THERMAL RESISTANCE 1 HEAT-EXCHANGERS 1 LIQUID-!ETALS 1 

. e ..-. 
IV.  B. WICKS 

HP77 41000 P R I M I N G  FOILS FOR VENTING NONCONDENSABLE GAS FROM BEAT PIPE ARTERIES 

Eninger,  J .E. ,  (TRW System Group, Redondo Beach, CA) , Progress  i n  Ast ronaut ics  and Aeronaut ics ,  

Avail  :TAC 

introduced f o r  c o n t r o l ,  res?llts i n  a r t e r i a l  bubbles during priming which subsequent ly  grow 
and deprime t h e  a r t e r y  when a h e a t  load i s  appl ied.  A method is presented  t c  vent  t he  gas  
through c a p i l l a r y - s i t e  ho les  i n  a fo i l -wal led  po r t ion  of t he  a r t e r y  a t  t h e  evapora tor  end. 
Liquid cannot  plug these  holes  because tne f o i l  i s  s i z e d  so t h i n  t h a t  t h e  menisci  on e i t h e r  
s i d e  of a p o t e n t i a l  l i q u i d  ?lug i*ould coa lesce ,  and the  hole  would ernptii. Theore t i ca l  and 
experimental  r e s u l t s  are presented  which r e l a t e  t h e  hole  s i z e  t o  the  r equ i r ed  f o i l  th ickness .  

(BUBBLES, HOLES, MEXISCI) 

V 39:235-243, 1975 

Noncondensable gas  i n  an a r te r ia l  h e a t  pipe,  whether a contaminant or i n t e n t i o n a l l y  

.. .,. M.. . *  

HP77 41001 OPERATION PECULIARITIES OF LOW TEWERATURE HEAT PIPES WITS CRIXF'ED CAPILLARY 
STRCCTURE 

Ivanovsky, M . I . ,  I l y i n ,  Yu.A., Rolgot in ,  F.F., Korneev, V . I . ,  P r ivesentsev ,  V.V., Rybkin, 
B . I . ,  Se rb in ,  V . I . ,  Sergeev, Yu.Yu., Sidorenko, E.H., Sorokin,  V.?. ,  ( I n s t i t u t e  of Physics  
and Power Engineer ing Obninsk, USSR), paper N o .  B4, presented a t , t h e  2nd I n t e r n a t i o n a l  B e a t  * 

Avai 1 : TAC 

can e a s i l y  be  manufactured and al lows t o  provide a s u f f i c i e n t l y  high hea t  t r a n s f t r  i n  t he  
h e a t  pipe.  Being Don-uniform such s t r u c t u r e  remains s t a b l e  under c e r t a i n  condi t ions  z t  under- 

dimensions have t een  analysed t h e o r e t i c a l l y  and on the  b a s i s  of experiments wi th  var ious  
low-temperature l i q u i d s .  

(CEkhMELS, THEORIES, EXPERIMENTS) 

Pipe Conference a t  Bologna, I t a l y ,  Mar 31-Apr 2, 1976 * .  

The c a p i l l a r y  structure considered i n  the r e p o r t  i s  made of crimped m e t a l l i c  gauze-. I t  

.' - .. f i l l i n g  wi th  coolan t .  ir. t he  report-some ope ra t iona l  p e c u l i a r i t i e s  of channels of d i f f e r e n t  

. 

~ ~ 7 7  4 1 0 0 2  CAPILLARY-POROUS MATERIALS AXI THE TRANSFER OF HEAT OR ENERGY 

Luikov, A . V . ,  (deceased) ,  I n t e r n a t i o n a l  Chemical Engineer ing,  V 16:54-60, N1, Jan  1976 
Avai 1 : TAC 

Capi l lary-porous ma te r i a l s  a r e  cons ide red , in  connection with t h e  t r a n s f e r  of mass and 
energy i n  such devices  a s  hea t  p ipes  and porous nozzles .  Recent research  a t  t h e  I n s t i t u t e  
of S e a t  and #ass Transfer  of t he  aSSR Academy of Sciences i n  t h i s  f i e l d  i s  summarized. ?he 
theory  of  l i q u i d  t r a n s f e r  i n  capi l la ry-porous  ma te r i a l s  is o u t l i n e d ,  inc luding  the  e f f e c t s  
of t h e  f i n i t e  rates of  m a s s  propagatLon. 

( NOZ Z LE S , MAS S - ? ROPAGAT I O N  ) 

5077 4 1 0 0 3  YE.\T TfVlUSFER I N  POROUS SINTERED IZATZRIALS 

.%ksimov, Ye.A. ,  s tradomskiy,  M.V. ,  Heat Transfer  - Sovie t  Research, V 8:8-12, Xl, Jan-Feb 
1976 
Avai l  : TAc 

s i n t e r e d  m a t e r i a l s  is  s e l e c t e d  from a b r i e f  survey of l i t e r a t u r e  on t h i s  t o p i c  and from a n a l y s i s  
Of flow p a t t e r n s  of coo lan t s  i n  these  mater ia l s .  ? h i s  nethod is then used :or represent ing  

i r t e g u l a r l y  shaped p a r t i c l e s ;  the  c o r r e l a t i n g  c'arve agrees  with t es t  da t a  with an r m s  e r r o r  
3f 2 3 0 % .  

(PARTICLES, FIBERS, CORRELATION-CURES) 

The most e f f i c i e n t  method f o r  co r re l a t ion  of experimental  Cata on hea t  t r a n s f e r  i n  porous 

the r e s u i t s  on hea t  t r a n s f e r  i n  materials c o n s i s t i f i g  0: 5 g h e i i c a l  pai;iclee, f i % r ~  and 
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HP77 41004 A H I G H  PERFORULVCE EVAPORATIVE ?!EAT TRWSFEP WICK 

Saaskf ,  E.W., Frankl in ,  J .L . ,  (Sigma Research ,  Inc . ,  Richland, WA), paper N o .  30, American 
I n s t i t u t e  of Chemical Engineers,  16 th  National seat Transfer  Conference, St. Louis ,  NO, 
Aug 8-11, 1916 
Avai1:TAC 

ammonia, h e a t  t r a n s f e r  c o e f f i c i e n t s  i n  the  range of 2 t o  2 . 1  W/cm20K were measursd a t  h e a t  
f l u x  c iensi t ies  up t o  20 W/cm2 whi le ,  w i t h  R-11, a hea t  t r a n s f e r  c o e f f i c i e n t  of 1 . 0  W/cmiOK 
w a s  measured wi th  2 l w  d e n s i t i e s  up t o  5 W/cd. Heat t r a n s f e r  c o e f f i c i e n t s  and f lux  d e n s i t i e s  
were unusual ly  h igh  compared t o  l i t e r a t u r e  data  €or o t h e r  nonboi l ing evapora t ive  s u r f a c e s ,  
and it is  suggested t h a t  t h i s  enhancement may be e i t h e r  due t o  f i lm  turbulence genera ted  by 
vapor shear  o r  convsc t ive  cells dr iven  by surface- tension g rad ien t .  

A new wicking concept  f o r  efficient th in - f i lm  evapora t ion .of  f l u i d s  is descr ibed .  With 

. 
(THIN-FILY-EVAPORATION, W O N I A ,  FREON-11, HEAT-TRANSFER-COEFFICIENTS, HEAT-FLUX) 

. .. -.... 
HP77 41005 

Semena, X.G., Kostornov, A . G . ,  Gershuni,  A.N.,  Xoroz, A.L. ,  Zaripov, V.X . ,  Journa l  Engineer- 
i n g  Physics ,  V 2 7 : 1 4 8 7 - 1 4 9 1 ,  N 6 ,  D e c  1 9 1 4 ,  English Trans l a t ion  
Avail : TAC 

The c a ? i l l a r y  absorp t ion  k i n e t i c s  i n  meta l - f iber  wicks for low-temperature hea t  p ipes  
is i nves t iga t ed .  On t h e  b a s i s  of t he  experimental  d a t a  obta ined ,  t h e  d i s t r i b u t i o n s  of  t h e  
impregnation from v e l o c i t y  along t h e  wicks were de t e ra ined  by means of  graphic  d i f f e r e n t i a -  
t i o n  of t h e  absorp t ion  k i n e t i c s  curves .  

C-AbILLxRY ABSORPTION OF HEAT P I P E  WICKS 

(KINETICS, IXETXL-FIBER, INPREGNATIOY-VELOCITY) 

HP77 41006  STRUCTUIZAL HEAT CO?'DUCTIVITY OF FIBER METAL WICKS FOR HSAT PIPES 

Semena, M.G. ,  Kostornov, A . G . ,  Zarigov, V.K. ,  Moroz, A.L. ,  Shevchuk, X.S . ,  (Xievski i  
Po l i t ekhn ichesk i i  I n s t i t u t ;  Akademiia Nauk SSR, I n s t i t u t  Problern Hater ia lovedeni ia ,  Kiev, 
USSR), Inzhenerno-llzicheskii..Zhurnal, V 31:581-586, 3ct 1 3 7 6 ,  A77-14326 ,  I n  Russian 

by 2 s t a t i o n a r y  corncarison technique f o r  s i r , t e red  monodisperse w i c k s  pra-,ared of copger,  
n i cke l ,  s t a i n l e s s  s tee l ,  and Xichrome f i b e r s  measuring 2 0 ,  3 0 ,  4 0 ,  30, and 7 0  inicrons i n  
diameter .  The conduc t iv i ty  i s  s tud ied  as  a f i n c t i o n  of t h e  f i b e r  ma te r i a l ,  t he  po ros i ty  
( ranging  from 20 t o  96%)  , and the  f i b e r  d iameter .  

The e f f e c t i v e  hea t  conduct iv i ty  i n  d i r e c t i o n  normal t o  t ne  f i b e r  plane was de te rn ined  

(COPPER, NICKEL, STAINLESS-STEEL, NICS3O.OME) 

AP77 4 1 0 0 7  IEUT'ESTIGATION O F  T9E THERMOPHYSICAL CSARACTERISTICS OF LOW TEMPERATURE HEXT 
PIPES W I Z  METAL-FIBER WICKS 

-, ~ - _  Sernena, M.G. , Kostornov, A.G. ,  Gershuni, A.N., Zaripov, V.R., Noroz, A . L . ,  (Kievski i  
Po l i t ekhn ichesk i i  I n s t i t u t ;  Aksdemiia Nauk USSR, I n s t i t u t  Problem Mater ia lovedeni ia ,  Kiev, 
VSSR), Inzhenerno-Fiaicheski i  Zhurzal,  ' J  31:149-455, Sevt  1 9 7 6 ,  I n  2Essian 

The h e a t  t r a n s f e r  capac i ty  a n i  thermal r e s i s t z n c e  of hea t  p ipes  employing cos?er - f iber  
wicks were s=u3;& experimental ly .  I t  is  shown t h a t  hea t  tubes with such wicks a r e  charac- 
t e r i z e d  by a low t h s r n a l  r e s i s t a n c e  and a high h e a t - t r a n s f e r  capac i ty ,  and t h a t  they func t ion  
s a t i s f a c t o r i l y  a t  any o r i e n t a t i o n  i n  a g r a v i t a t i o n a l  f i e l d .  

(COPPER, TEIEWAL RESISTAXCE, GRAVITY) 

I V .  C. MATERIALS 

fIP77 4 2 0 0 0  T9E SLIMISATION OR CONTROL O F  MATERIAL PROBLEMS IN XATER HEAT PIPES 

? i t t i n a t O ,  G . P . ,  (McDonnell Douglas Astronaut ics  Co.-West, Huntington Beach, C A I ,  41 e., 
Avai1:TAC 

Seve ra l  d i f f e r e n t  concepts f o r  u t i l i z i n g  s o l a r  energy involve the  use of hea t  p ipes  t o  
t r a n s p o r t  energy wi th in  s y s t e s s .  W h i l e  water appears  t o  b e  a d e s i r a b l e  working f l u i d  i n  
t hese  h e a t  p ipes .  s e v e r a l  s t u d i e s  have shown t h a t  a chemical r e i c t i o n  can occur between the 

~ *dater and h e a t  p ipe  n a t e r i a l  and thus produce hydrogen gas .  T h e  gas is dr iven  t o  t h e  condenser 
end Of t he  S ipe  iJhere i t  f o r m s  an i a s u l a t i n q  ?lug which lowers the  hea t  pipe perfornance.  
This  s t ady  ;s desiqned t o  d e t s m i n e  the  most e f f e c t i v e  combiriation of m a t e r i a l s ,  f a b r i c a t i o n  

forXanCe when gsed as a l o c a l  absorp t ion ,  s o l a r - t h e m a l  enerqy Col lec tor .  The hea t  p i p  l i f e  
tests f a r  t h e  var;ous candidate  mater ia l s  were cont inued.  A l l  Of the  p i p e s  a r o  maintaining 
a cons t an t  9er fornance  le.jel. 1n order  t o  eetermine i f  t he  wal l  th ickness  0.f a x a i e r  hea t  
?i?e a:'fec% i z s  perfornance c 'xve ,  one kes-cr  wal led hea t  pipe vas  f ab r i ca t ed  from e x : ?  candi- 
t a z e  z a t e r i a l .  T h e  performance ro,co\*ery ra t f  f o r  tr.3 heavy walled nea t  g i F e s   ai s loue r  than 

O C t  31, 1 9 7 5 ,  ,kiDC-G5481-E, 2B-Z59353/YdE 

...-&L-.a- .us L . a w u a ,  and opera t in9  procedures :vi 3 ;;aier h e e c  ? ipe  t:?.=lt w ~ i i  Ssrjvicir 5aris;dczus:J ~ e s -  

1 



that for  the t h i n  walled p i p e s ,  thus  supporr -?-c a d i f f u s i o n  dependent ze==~==-$ ==-anism. 
Two 316 Ss heat  p ipes  were fabr ica ted  with :.=.=ne1 600 condenser end c a s s .  
found to be se l f -vent ing  wi th  respec t  to hyd-maen 5as. 

2 e s c  ? ipes  were 

(SOLAR ENERGY, CHEMICU-REACTION, LIFE-TEST, 2;6-3TAINLESS-STEEL, IXCOXZ5-553, -ZC?SC;EN-GAS) 

t . 

-. 
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V, TESTIN AND OPER4TION 

HP77 50000 THEORGTICAL LYD EXPSRIMENTAL INVESTIGATION O F  TWO-COMPONENT HEAT PIPES 

Brommer, H . J . ,  ( I n s t .  Kernenerg., Univ. o f  S t u t t g a r t ,  S t u t t g a r t ,  West Germany), Progress  
i n  Ast ronaut ics  and Aeronaut ics ,  V 39:145-165, 1975 
Avail : TAC 

extent of sepa ra t ion  of components were inves t iga ted .  Experiments c a r r i e d  out  with H2O-XeOH 
h e a t  p ipes  of t h e  6-ar te ry  type  confirmed the t h e o r e t i c a l  r e s u l t s  t h a t  on ly  a p a r t i a l  separa-  
t i o n  of the components w i l l  occur .  H20-MeOH h e a t  p ipes  can by opera ted  a t  high power l e v e l s  
('300 W with  a h e a t  p ipe  500 mu long and 13.5 mm d iame te r ) .  
a supe r io r  co ld - s t a r tup  behavior as compared t o  1-component hea t  p ipes ,  bu t  t h e i r  a x i a l  

The teaperature and concent ra t ion  d i s t r i b u t i o n s  wi th in  2-component hea t  pipes  and the  

Two-component h e a t  p ipes  have 

..- temperature  drop dur ing  nominal ope ra t ion  is cons iderably  h igher .  

(ARTERY, STARTUP) 

HP77 50001 EVAPORATIVE HEAT TRANSFER OF L I Q U I D  POTASSIUM I N  POROUS AYEDIA 

Davis,  W.R., F e r r e l l ,  J.K., (Westvaco Corp., North Char les ton ,  SC), Progress  i n  As t ronaut ics  
and Aeronaut ics ,  V 39:187-199, i975 
Ava i1 :TAC 

stsel wickiny materials, FX 1308 and Lamipore 7 . 4 ,  has shown t h a t  f o r  water t h e  vapor iza t ion  
t a k e s  p l acz  wiLhin t h e  porous medium near  the hea ted  s u r f a c e ,  wkeras f o r  :i t h e  h e a t  i s  con- 
ducted ac ross  Lhe e n t i r e  wick, and t h e  vaporizat ion occurs  a t  t h e  s u r f a c e  of the  wick. The 
c r i t i c a l  neat f l u  f o r  t h e  K h e a t  p ipe  can be p red ic t ed  f o r  a l l  va lues  of t he  hea t  f l u x ,  
whereas f o r  t he  water h e a t  p ipe  t h e  c r i t i ca l  h e a t  f l u x  can be p red ic t ed  only f o r  values  
<40,000 Btu/ f t2hr .  

An i n v e s t i g a t i o n  of t h e  vapor iza t ion  hezt t r a n s f e r  of IC and water i n  2 s i n t e r e d  s t a i n l s s s  

-I?ICX MiTERIdLS. HEAT FLUX) - . . 

BP77 30002 SO% RESLZTS OF SYUDYING LOW-TEL~E~SATUIZE HEAT PIPES OPERATING AGAINST A GRAVITA- 
TIONAL FIELD 

Gerzsimov, Yu.F., Maidznik, Pu.F., Dolgirev,  Yu.E., Riseev,  V.M., F i l i ppov ,  G . A . ,  Sta r ikov ,  
L.G., ( U r a l .  Po l i tekh .  I n s t .  i m .  Kirova, Sverdlovsk, USSR), Inzhenerno-Fizicheski i  Zhurnal,  
V 30:581-336, sa,  1976, I n  Russian 

H a t e r  and Me2CO h e a t  p ipes  wi th  separated vapor and l i q u i d  chanhels  w e r e  s tud ied t  The 
main cons ide ra t ion  is given t o  the  type where t h e  wick i s  loca ted  i n  the  evzporat ion chamber 
only .  The h e a t  a i p e s  haire l o w  hydrau l i c  r e s i s t ance  and ope ra t e  a t  any o r i e n t a t i o n  on the 
g r a v i t a t i o n a i  f i e l d .  Cons t ruc t ion  d e t e i l s  of s e v e r a l  devices  and experimental  dependencies 
of  t h e  evapora t ion  chamber temperakrre on t h e  t r anspor t ed  h e a t  flux are presentec?. 

(CHANNELS, BYD~LAULIC-ESISTANCE, GRAVITY , BUT-FLUX) 

.-- 

8877 50003 TAO-COLWONENT BEAT PIPE 

Grakovich, I,.?., P y l i l o ,  L.E. ,  From Ref. Zh. Tsploenerq. ,  Abs t r ac t  N. 6693, 1976, I n  Russian 
NO Abs t rac t  Avai lab le  

HP77 50004 SOm FEATURES O F  START-UP O F  .AE%LI .%TAL XEAT PI?ES 

Ivanovsky, H.N. ,  Sorokin,  V . P . ,  Subbotin,  V . I . ,  Yagodkin, I . V . ,  Tchulkov, a .A . ,  ( I n s t i t u t e  
Of Phys ics  and P o w e r  Engineer ing,  Obninsk, YSSR), paper Xo. C 7 ,  p resented  a t  t ke  2nd I n t e r m -  
t i o n a l  Heat Pipe Conference a t  Bologna, X t a l y ,  Mar 31-Apr 2 ,  1976 
Avai l  : TXC 

TO provide  a high h e a t  t z a n s f e r  i n  hea t  p ipes  t h e  so-ca l led  complex wicks a r e  used. 
The r equ i r ed  condi t ion  f o r  t h e  r e a i i z + t i o n  of t he  p o s s i b i l i t i e s  of these  h e a t  p i p e s  i s  a complete 
f i l l i n g  of wick channels  wi th  l i q u i d .  A n  iscomplete f i l l i n g  o r  t he  formation of s teady  vapor 
(vapor-ane-gas) bUSb1n-s under t h e  sc reens  r e s u l t s  i n  the  l o s s  of h e a t  p i p  worlcing capac i ty .  
Below, t a k i n g  a s  an example the  expe r i aen t s  with the  sodium hea t  Fipes  one ana1:rzes the  s t a r t -  
i n g  f e a t u r e s  connected both with an imcomplete f i i l i n g  of complex ,htiCkS and tne formation Of 
Some bubbles  t h e r e .  The inf luence  of gas a v a i l a b i l i t g  i n  a pipe  on t h e  working a b i l i t y  of t he  
C a p i l l a r y  s t r u c t u r e s  of t he  s t a t e d  type i s  considered here .  

(CO!IPSEX-WICXS , aUaBLzs) 

xp77 50005 PER~-JRMANCE TESTS OF GRAVITY-ASSIST HEAT PIPES W I T H  SCREE:J-WICI( STRUCTURES 

Kenme, J.Z., a e v e r a l l ,  Z . Z . ,  xeddy, E.S., P h i l l i p s ,  J.X., ?.anken, W . A . ,  ( L c s  Xlamos S c i e n t i f i c  
Labora to r l ,  ios   la nos, ~ J M )  , Progress  i n  Astronaut ics  and Aeronaut ics ,  V 39 : 201-213, 1973 
Avaii  : T A ~  
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A series of performance l i m i t  tests were made a t  several o p e r a t i n g  temperatures  wi th  
Ja h e a t  p i p e s  conta in ing  l a y e r s  of woven-wire screen a s  wicks. 
z o n t a l l y  anti then v e r t i c a l l y  i n  a g r a v i t y - a s s i s t  mode wi th  t h e  evapora tor  down. Bigher heat-  
t r a n s f e r  limits were achieved i n  t h e  v e r t i c a l  tests, b u t  good agreement between measured and 
calculated l i m i t s  w a s  no t  always obtained.  Wick imperfec t ions ,  i n  t h e  form of spaces  between 
screen l a y e r s  and o t h e r  l a r g e  openings,  w e r e  b e n e f i c i a l  dur ing  h o r i z o n t a l  o p e r a t i o n  because 
they provided low-impedance flow pa ths  f o r  l i q u i d  r e t u r n .  During v e r t i c a l  o p e r a t i o n ,  however, 
t h e  openings f i l l ed  wi th  vapor and sometimes produced saperhea t  l i m i t a t i o n s  which s e r i o u s l y  
reduced h e a t  t ransfer .  I n  some tests, superheat  l i m i t a t i o n s  were eliminated by l o c a t i n g  f i n e -  
mesh screen between t h e  wick and heat-pipe w a l l .  These tests showed t!at g r a v i t y - a s s i s t  
per fomance  can be improved by l a r g e  wick passages which are l o c a t e d  away from t h e  heat-pipe 
wall, b u t  t h e  passages must be arranged t o  collect condensate r e a d i l y  and p r o t e c t  t h i s  con- 
densa te  from t h e  flowing vapor. 

The p i p e s  w e r e  tested hor i -  

(SODIUM, SfiPERfIEXT-LIMITATIONS) 

4iP77 50006 DEVELOPKENT O F  A BLOCKING ORIFICE THERMAL DIODE HEAT P I P S  

Kosson, R.L.,  Q u a d r i n i ,  J . A . ,  Ki rkpa t r ick ,  J. ,  (Grumman Aerospace Corp., Bethpage, N Y ) ,  
Progress  i n  Ast ronaut ics  and Aeronaut ics ,  V 39:245-258, 1975 
Avai 1 : TAC 

A geometry is descr ibed  f o r  low-temperature d iode  h e a t  p i p e s ,  i n  which excess  l i q u i d  
blocks t h e  vapor space of t h e  evaporator  and p a r t  of t h e  t r a n s p o r t  s e c t i o n  dur ing  reverse-  
mode condi t ions .  
wi th  t h e  opezing arranged t o  permit  proper l i q u i d  d i s t r i b u t i o n  i n  both  ground tests and under 
zero g r a v i t a t i o n .  Parametr ic  a n a l y s i s  r e s u l t s  a r e  presented f o r  Freon 14, C H 4 .  and C 1 H 6 .  
Experimental  d a t a  a r e  presented for a room-temperature diode,  v e r i f y i n g  f e a s i b i l i t y ,  and a 
cryogenic  d iode  ( o u t s i d e  diameter 0.25 i n . )  with CH4 working f l u i d .  

(GRAVITY) 

A n  o r i f i c o  p l a t e  i s  p laced  i n  t h e  p ipe  a t  t h e  blocking m e n i s a s  l o c a t i o n ,  

HP77 50007 WETTING A i D  SURFACE PROPERTIES OF XFRIGERANTS TO -aE USED I N  HEAT PIbES 

Reale, F., Cannaviel lo ,  M . ,  ( I n s t i t u t o  d i  F i s i c a  Tecnica,  Univers i ty  of Napoli ,  I t a l y ) ,  
paper N o .  G2, presented  a t  t h e  2nd I n t e r n a t i o n a l  Heat Pipe Conference a t  aologna, I t a l y ,  
Mar 31-Apr 2 ,  1976 
Avai 1 : TAC 

This  paper  p r e s e n t s  a simple and s t i l l  accura te  method of measuring s u r f a c e  p r o p e r t i e s  
of f l u i d s ,  such as s u r f a c e  t e n s i o n ,  and o t h e r  related q u a n t i t i e s ,  such as c o n t a c t  angles  of 
f l u i d s  t o  s o l i d  w a l l s  f o r  some organic  coolan ts ,  R-11, 12 ,  21, 2 2 ,  114 and 502. 

(IEASUREMENT-METSODS, SURFACE-TENSIOX, CONTACT-ANGLE) 

HP77 50008 

S c h l i t t ,  K.R., arennan,  P . J . ,  Xirk?at-rick, J .P . ,  
CX), Progress  i n  Ast ronaut ics  and Aeronaut ics ,  V 39:215-234, 1975 
Avail  : TAC 

p ipe  a r e  presented  f o r  0,  C 5 4 ,  C296, and N H 3 ,  a s  working f l u i d s .  The e f f e c t s  of opera t ing  
temperature ,  f l u i d  inventory,  hea t  f l u x ,  and e l e v a t i o n  on t h e  t r a n s p o r t  c a p a b i l i t y  and t h e  
evapora tor  and condenser f i l m  c o e f f i c i e n t s  a r e  measure6 and compared t o  theory.  
c o r r e l a t i o n  i n d i c a t e s  t h a t ,  i n  a d d i t i o n  t o  the v iscous  pressure  drop of t h e  f l u i d ,  a vapor- 
induced l i q u i d  pressure  drop must be taken in to  account  a t  temperatures  near  o r  below t h e  normal 
b o i l i n g  p o i n t .  ~ 9 4 ,  C 2 R 6 ,  and NH3 are s u i t a b l e  working f l u i d s  for t h i s  qroove geometry: 
however, 0 ,  because of i t s  low s t a t i c  h e i g h t ,  is a t  b e s t  marginal i n  t h e  100°-1200K range. 
The performance i n  t h e  extruded p ipe  is S e t t e r ' t h a n  i n  a cold-forged pipe.  

?ARA.METRIC PERE'ORMANCE OF EXTRUDED A X I A L  GROOVED HEAT PIPES FROM looo TO 3OO0K 

(Ames Research Center ,  NASA, X o f f e t t  F i e l d ,  

Extens ive  performance d a t a  der ived from t e s t s  with an A l ,  axial-grooved, extruded,  h e a t  

The d a t e  

(OPERATI,UG-TE.XPE.UTURE, FLUID-INVENTORY , BEAT-FLUX, GRAVITY, FILM-COEFFICIENTS) 

HP77 50009 EXPFR1,YENTAL DETEPXINATION OF EVA?ORATIVE HEAT TRANSFER COEFFICIENTS ON HORIZONTALI 
TEREADED TWES 

S c h u l t z ,  V . X . ,  Edwards, D . K . ,  Cat ton,  I . ,  (Energy and K i n e t i c s  Dept., U C U ,  Los AngeleS, cx) 
paper NO. 1 7 ,  American I n s t i t u t e  of Chemical Engineers,  16 th  Nat ional  Heat Transfer  Confer- 
ence,  S t .  Louis ,  110, Aug 8-11, 1976 
Avai l  : TAC 

or 16 American s tandard  Threads per  inch. 
of t h e  t o p  o f  t h e  h o r i z o n t a l  tube.  A s t a c k  of t u b e s  5 deep was tested a s  w e l l  a s  s i n g l e  
tubes. Temperature d i f f e r e n c e  i~ ranqed from l O C  ( 1 . 8 O F )  t o  6=C (10.8°P1, and hea t  flow 
Q from 190 t o  290 wat t s  Over a 3 . 0 0  inch ( 7 6 . 4  7.m) long t e s t  s e c t i o n .  With 2 meniscuses 3er  
th read .  h e a t  flow p e r  *&?it length  of  meniscus Q/L thus  ranged :=om 3 3  to 53  w i m  for che 16 :iF 
t h r e a d  and 52 t o  80 w/m f o r  t h e  10 NC one. Thread-side hea t  t r a n s f e r  c o e f f i c i e n t  n was found 
t o  be h i a h l y  s e n s i t i v e  t o  AT; o r ,  pu t  moze d e s c r i p t i v e l y ,  Q/L was s u r p r i s i n g l y  i n s e n s i t i v e - t o  
AT. A t  AT = 3.3 C ( 6 . 3 O F )  values  of h were 18 .7  kw/mZOC ( 3 3 0 0  Btu/hr f t i o 3 )  ,and 12.5 kw/m&C 

Water w a s  evaporated from t h e  o u t s i d e  of 3 /4  inch (19.05 mm) b r a s s  tubing c u t  with 10 
?reheated feed water was suppl ied  a t  both s i d e s  

14 



,+.. lri. . . , 

I 50011 

(2200 Btu/hr f t 2  F) f o r  t h e  f i n e  and coarse  threads  r e spec t ive ly .  
f i c i e n t  w a s  found t o  be insensi t ive t o  evaporation-to-feed r a t io  %/mf i n  marked c o n t r a s t  
t o  the behavior f o r  p l a i n  tubes.  

The h e a t  t r a n s f e r  coef-  

(WATER, EAT-TWGVSFER-COEFFICIENT) 
1 

, HP77 50010 EXPERIMENTAL STUDY OF HEAT AND MASS TRANSFER I N  A CRYOGENIC HEAT PIPE 
I 

Vas i l i ev ,  L.L., ( I n s t .  of Heat and Mass Transfer ,  Acad. of Science,  Minsk, USSR), Kiselev, 

Jan 1975 
Avail : TAC 

Experiments w e r e  performed t o  determine t h e  maximum thermal  power t r anspor t ed  by a 
cryogenic  h e a t  p ipe  wi th  a n i t rogen  working f l u i d  and a wick made of s i n t e r e d  bronze powder. 

f o r  ope ra t ion  i n  t h e  reg ion  of cryogenic  temperatures,  since they can t r a n s p o r t  l a r g e  thermal 
f luxes  i n  a h o r i z o n t a l  d i r e c t i o n  i n  tfie presence of small temperature  drops.  

(MAXIXUM-PO'dER, NITROGEN, SINTERED-SRONZE-POWDER) 

I V.G.,  L i tv ine t s ,  M.A.,  Savchenko, A.V., Sournal of Engineering ?hys ics ,  V 28:19-21, Xl, 

- . .- I t  is concluded t h a t  hea t  p ipes  with wicks made of s i n t e r e d  bronze powder a r e  of i n t e r e s t  

HP77 5 0 0 1 1  INVESTIGATIONS O F  NONSTEADY-STATE PROCESSES AT CRYOGENIC HEAT PIPE OPERATION 

Ivanovsky, Y . Z . ,  I l l Y l n ,  Yu.A., Korneev, V . I . ,  P r ivesen t sev ,  V.V., Serbin ,  V.I., Sergeev, 
Yu.Yu. , Sidorenko, E . M . ,  Sorokin,  V.P., ( I n s t i t u t e  of Physics  and Power Engineer ing,  Obninsk, 
USSR), paper XO. D 1 ,  p resented  a t  the  2nd I n t e r n a t i o n a l  Beat Pipe Conference a t  Bologna, 
I t a l y ,  xar 31-Apr 2 ,  1 9 7 6  
Avai 1 : TXC 

I n  the r a p o r t  two problems have been t r e a t e d  ex-Jer imental ly  and t h e o r e t i c a l l y ,  i . e . ,  
dynanics of  f i l l i n g  the  c a p i l l a r y  s t r u c t u r e  o f  h e a t  p ipes  wi th  f l u i d  a f t e r  dry ing  o u t  and 
Cap i l l a ry  l i m i t a t i o n s  for h e a t  t r a n s f e r  under non-steady thermal  condi t ions .  The experiments * 

were performed on hea t  p ipes  with ammonia and freon-22. 

(THEORIES 

.. . - . . .  

EZERINENTS , DRYOUT, W I C X I I G - L I M I T ,  m Y O N I A ,  FREON-22) 
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